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 KARTHIKEYAN.K 
Comparat ive  Evaluat ion of  Dimensional  Stabi l i ty  of  Three  Types  of  Interocc lusal  
Recording  Mater ia ls-An Invi tro  Study  
(Under  the  guidance  of  Dr .H.ANNAPOORANI,  M.D.S)  
 
Aim: The a im of  th i s  Inv i t ro  s tudy  was  to  eva lua te  and  Compare  the  Dimens iona l  
s tab i l i ty  o f  th ree  types  of  In te rocc lussa l  record ing  mater ia l s  a t  var ious  t ime in te rva ls .  
 
Mater ia l  and methods:  The mater ia l s  used  in  the  s tudy  were  po lyvinyls i loxane ,  
z incoxide  eugenol  pas te  and  Bi te  reg is t ra t ion  wax.  The  tes t  was  car r ied  out  us ing  a  
mold  s imi la r  to  tha t  o f  ADA spec i f ica t ion  No.  19 .  A to ta l  o f  30  samples  were  made  
wi th  each  group cons is t ing  of  10  samples .  The  samples  were  measured  us ing  an  
opt ica l  microscope  wi th  micrometer  provis ion .  The  measurements  were  made  a t  a  t ime 
in te rva l  o f  1hr ,  24  hr ,  48  hr ,  and  72  hrs .   
 
Resul ts :  Five  read ings  were  taken  for  each  sample  a t  each  t ime in te rva l  and  the  mean  
of  the  f ive  readings  was  cons idered  for  measur ing  the  d imens iona l  change  of  the  
sample  by  compar ing  wi th  tha t  o f  the  or ig ina l  measurement  in  the  meta l l ic  d ie .   The  
resu l t s  ob ta ined  were  s ta t i s t ica l ly  ana lyzed  us ing  a  one-way ana lys is  of  var iance  
(ANOVA) and  Tukey-HSD.  The  mean  percentage  Dimens iona l  Change  a t  var ious  t ime  
in te rva l  for  I )  Group A 1hr  -0 .22  %(±0.10) ,  24hr -0 .48%(±  0 .06) ,  48hrs  -0 .66% 
(±0.09) ,  72hrs -  0 .79% (±0 .07)  I I )  Group  B-1  hr  -0 .58% (±0.08) ,  24  hr -0 .93% (±0.08) ,  
48  hrs  -1 .23% (±0.08) ,  72  hrs -1 .46% (±0.09)   I I I )  Group C-  1  hr  -0 .44% (±0 .06) ,  
24hr -0 .60% (±0.08) ,  48hrs -0 .77% (±0.11) ,72  hrs -1 .07% (±0.08)  respec t ive ly .  Group A 
was  much d imens ional ly  s tab le  fo l lowed by  Group C and Group B respec t ive ly .  
 
Conclus ion:  
   Dimens iona l  s tab i l i ty  i s  in f luenced  by  both  “mater ia l”  fac tor  and  “ t ime”  fac tor .  
Dimens iona l  s tab i l i ty  decreased  as  the  t ime fac tor  increased .  Polyvinyls i loxane  
(v i r tua l )  was  more  d imens ional ly  s tab le  fo l lowed by  z incoxideeugenol  ( superb i te )  and  
Bi te  reg is t ra t ion  wax (Alumax)  respec t ive ly .   
 
   Keywords:  Bite  Regis t ra t ion  Mater ia l ,  In te rocc lusa l  Records ,  Dimens iona l  S tab i l i ty 
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Introduction 
 
 
 
  Precise articulation of patients cast is a prerequisite for 
proper diagnosis and subsequent treatment. 
 
  To create a harmonious occlusion, it  is essential to record the 
existing Maxillomandibular relations. If the inter arch registration 
is inaccurate, the mounted cast will not show the existing maxillo 
mandibular relationship, and it  will lead to error in diagnosis and 
treatment.  
 
  Inter occlusal recording materials are generally used to record 
the Maxillomandibular relation. These materials should have a good 
dimensional stability and minimal resistance to closure while 
setting and resistance to compression after polymerization.  
 
  Many materials have been used for inter occlusal recording 
such as Dental plaster with modifiers, waxes, acrylic resins, 
zincoxide eugenol pastes, silicone elastomers and polyether 
elastomers. These materials have their own advantages and 
disadvantages. 
  These recording materials are basically similar to impression 
materials and they are modified to give good handling 
characteristics.   
 
  
  Although numerous studies have been done on Dimensional 
stability of the parent impression materials, there are only a few 
studies on Interocclusal   registration materials as such.  
 
 In the above context, we had designed an Invitro study with the 
following objectives.  
Ø  To evaluate the Dimensional stability of three types of 
interocclusal recording material  namely the 
polyvinylsiloxane bite registration material,  Bite registration 
wax, and  the  zincoxide eugenol bite registration paste at a 
time interval of 1hr, 24hrs, 48hrs, and and72hrs. 
 
Ø  To compare the Dimensional stability of these materials at a 
time interval of 1hr, 24hrs, 48hrs, and 72hrs. 
 
 
   
 
 
 
 
 
 
 
 
 
 Review of Literature 
 
Skurnik H1  described the use of wax, metallic pastes (zinc oxide 
and eugenol) and acrylic resin in making interocclusal record. The 
author had concluded that high quality wax is a useful and versatile 
material for registering interocclusal record. The author also 
suggested better method of obtaining accurate records for all of the 
above said materials.   
 
Millstein PL, Clark RE, and Kronman JH2  Conducted a study to 
determine the effects of initial heating temperature, initial closing 
pressure, storage environment and storage time on the accuracy of 
recording made with single and double- thickness samples of pink 
base plate wax. They found that 1) complete closure in to the waxes 
was not achievable under pressure comparable to those of a clinical 
2) storage of wax records in water produced the greatest change and 
the air cooling resulted in the least 3) Vertical and rotational 
changes occurred when the test model was replaced in bite 
registration record.  
 
Millstein PL, Clark RE, and Myerson RL3  conducted a study to 
relate the accuracy of silicone body Interocclusal records to their 
associated weight loss due to volatiles. Three brands of silicone – 
body impression material were used. The Hydroptic test and the 
                                                                                                                                
 measurement system were used to determine the dimensional change 
at a time intervals of 2 hrs, 6 hrs, 24 hrs, & 48 hrs. The authors 
found that (1) a direct relationship exists between dimensional 
change and percent of weight loss (2) minimizing the weight loss of 
standing silicone impression would enhance their accuracy.  
 
Eames WB etal4  conducted a study compare the accuracy and 
dimension stability of 34 materials of 13 manufactures.The test 
methodology was done in accordance to ADA specification No. 19.  
The materials used were polyether, silicone and poly sulfide.They 
found out that at 24 hrs stability ranged from 0.18% - 0.84% and at 
30mts all materials ranged from 0.11 to 0.45%.  Poly ether and poly 
sulfide were more stable and silicones were least stable 
dimensionally.  
 
Balthazar –Hart Y etal5  conducted a study to examine the accuracy 
and dimensional stability of four Interocclusal recording materials. 
The materials included polyether, silicone, Non Eugenol zincoxide 
and zincoxide eugenol. The samples were made using a stainless 
steel mold in accordance with ADA specification No. 19. The 
reference line produced in the sample was measured using traveling 
micrometer microscope at an interval of O hr, 1 hr, 24hr, 48 hr, 
72hr and 168 hr. The authors’ concluded that eugenol- free zinc 
oxide paste was the only material showing no statistically 
significant difference between the die scribes and those of the 
 samples. They also found that polyether was the least one and the 
zincoxide eugenol paste was the greatest to show dimensional 
changes.  
 
Millstein PL and Clark RE6  conducted a study to relate the 
accuracy of silicone body and self curing resin interocclusal records 
and associated weight loss due to volatiles. They found that silicone 
body interocclusal records are more reliable than self curing resins 
in terms of dimensional accuracy and weight loss.  
 
Millstein PL and Clark RE7  conducted a study to investigate the 
effects of initial heating, intra oral with drawl, storage 
environments, storage times and setting forces of the accuracy of 
laminated and non laminated, metalized and non metalized wax 
interocclusal wafers. The authors found out that 1)Laminated wax 
interocclusal wafers are highly technique sensitive 2)Wafers that 
were both laminated and metalized were found to be the most 
accurate and dimensionally stable.   
 
Fattore L et al8  conducted a study to determine the clinical 
accuracy of waxes, zincoxide Eugenol and Polyether for recording 
intraarch relationship. Interocclusal records of 31 patients were 
made with all the above mentioned materials. It  was then placed on 
an Arcon articulator with an arbitary face bow to measure the 
magnitude and direction of distortion. This was achieved by 
 removing the condylar spheres and replacing with a Buhnergraph. 
The position of the hand articulated mandibular cast and those 
mounted with the interocclusal record was measured with a 
traveling microscope micrometer. The authors concluded that the 1) 
polyether interocclusal recording medium was the most accurate, 
followed by zincoxide eugenol and waxes2) the distortion occurred 
more frequently in a vertical direction followed by an antero 
posterior direction.  
 
Lassila V and Mccabe JF9  conducted study to determine the 
Setting characteristics, Dimensional stability and the 
Compressibility and elasticity of the Interocclusal Registration 
materials. The materials used were polyether, Silicone putty, 
Eugenol free zinc oxide paste and zinc oxide eugenol paste .The 
results showed that1) The elastomers and eugenol free zinc oxide 
paste had a brief working time. The increase in viscosity for zinc 
oxide and eugenol paste was slower that that of other materials. The 
temperature of the mouth markedly accelerated the setting 2) 
Elastomers and Eugenol – free zinc oxide material show marked 
shrinkage during setting. The Dimensional changes of Elastomer can 
be reduced by storage in a sealed, dry container3) Elastomeric 
materials acquired relatively good elastic properties in 
approximately 30 mts.  
 
 Lassila V1 0  conducted a study to compare the clinical properties of 
five routinely used inter occlusal recording materials. The 
properties studied were resistance to closure, thermal expansion, 
Setting and storage under various conditions.  The materials used in 
the study were silicone Putty, Polyether, zincoxide eugenol paste, 
Eugenol free zinc oxide paste, acrylic resin and base plate wax. The 
author found out that 1) volumetric contraction of elastomers after 
polymerization was not clinically significant 2) The Dimensional 
stability of rigid materials namely the acrylic resin and zinc oxide 
paste was good over a period of 72 hours with value below 0.3% 3) 
The initial resistance to closure was 0.5to0.6N. 
 
Muller J etal1 1  conducted a study to determine the three 
dimensional errors in mounting dentulous casts on an articulator, 
namely 1) the inter occlusal record material 2) Storage time of the 
registration 
 
3) Precision of the teeth impressions.  The authors found that 1) the 
Least three dimensional changes after 30 mts of storage were 
recorded by plaster, polyether and corrected beauty pink wax 2) 
Plaster was dimensionally stable for more than 24 hrs 3) 
Registration made with polyether must be used within 6 hrs for 
reliability.  
 
 Muller J etal1 2  conducted a study to determine the vertical errors in 
mounting dentulous casts on an articulator as affected by three 
parameters: (1) the registration materials. (2) The storage time of 
the records and (3) the points from which the measurements were 
made. They found out that 1) Detection of changes of vertical 
dimension should be done at more than one measuring point on the 
occlusal surface 2) None of the materials tested gave reliable results 
at all occlusal surfaces 3) The lowest vertical deviation at the 
occlusal surface was induced by the corrected wax wafer after a 
short storage for 30mts 4) Ramitec polyether was the second most 
accurate material and the only one with clinically sufficient 
dimensional stability up     to 24 hrs.  
 
 
Ursterin M, Muskon D, Cardash HS1 3  conducted a study to 
investigate the accuracy of three recording media used to relate 
artificial stone cast at the maximium intercuspation (IC) and 
retruded contact (RC) position with the use of the Lucia 
programming jig. The author’s found out that 1)Hand articulation 
provides most accurate method of articulating study cast at the IC 
Position when a complete or nearly complete dentition is present 
2)Plaster was more accurate interarch recording materials at the IC 
and RC position than either wax or Duralay resin 3)The wax record 
was slightly more accurate than the Duralay resin record at IC and 
RC position 4)It was not possible to reproduce exactly the same 
 intercast relationship when different materials are used to records 
interjaw relationship at IC and RC Position.  
 
Freilich MA, Altieri JV, Wahle JJ 1 4  reviewed the principles 
related to the support and stability requirements for mounting dental 
casts of the dentate or partially dentate patients (2) Categorized, 
described and discussed the clinical condition of several different 
types of interocclusal records. The authors concluded that the goal 
of the interocclusal records should provide the support and stability 
that the casts of the remaining dentition lack.  
 
Breeding LC, Dixon DL and Kinderknecht KE1 5  Conducted a 
study to develop a methodology to 1) measure the three dimensional 
accuracy of interocclusal recording materials with a computerized 
recording device 2) Applying that methodology to compare the 
accuracy of three interocclusal recording materials . The authors 
found out that 1) the axiotron computers provide a simple and quick 
method to evaluate the accuracy of mounting work casts 2) the 
thermoplastic generated mounting errors were significantly greater 
than those generated by the acrylic resin and vinyl polysiloxane. 
 
Chai J, Tan E and Pang I1 6conducted a study to investigate the 
Shore hardness of nine occlusal registrat ion materials and the effect 
of time on the hardness values and also the dimensional stability of 
eight elastometric occlusal registration materials. The materials 
 used included zinc oxide eugenol, polyvinyl siloxane and polyether. 
The samples was made using mold according to ADA specification 
No.19.The surface hardness of each sample was tested with Shore- 
A durometer. The dimensional stability was determined by 
measuring the line scribed on the sample using traveling microscope 
at a magnification of 25 x at an interval of 25 minutes and 24 hours 
after the start of mixing. The authors concluded that there was 
significant differences among the dimensional stability and 
hardness. Polyether showed superior dimensional stability compared 
to polyvinyl siloxane.  
 
Millstein PL and Hsu C1 7  conducted a study to determine the 
accuracy and dimensional stability of elastomeric interocclusal 
recording materials. In the study five brands of polyvinyl siloxane 
recording material and one brand of polyether was used. The authors 
concluded that all the brands was dimensionally stable over a 48 
hour time period and the negligible weight change of 0.1 % did not 
affect the dimensional stability.  
 
Tripodakis AP, Vergos VK and Andreas G1 8  conducted a study to 
determine the specific influence of the records transfer from the 
month to the casts on the accuracy of the records jaw relations as a 
result of inadequate fit  of the record and to compare the classic 
technique with the authors suggested method. When transferring 
records from the dental arches to casts , the required accuracy of fit  
 is not always achieved clinically. The authors had modified the 
classic jaw relation recording technique. The modification was that 
the polymerized record material  after its set was stabilized on one 
of the jaw. A hydrocolloid impression is made incorporating the 
record. A cast in direct contact with the record was poured in that 
impression. This cast record system was used for the reproduction 
of the jaw relation on the articulator. The results revealed that the 
modified technique limits the transferring in accuracy compared to 
conventional transfer method.  
 
Dixon LA1 9  reviewed the methods and materials used to record the 
centric relation position and eccentric maxillomandibular relations 
and to compare the articulators available for mounting casts. The 
potential application of this review article by the author enabled to 
examine the various methods for recording the centric relation 
position and to observe the accuracy of the recording materials that 
have changed over time.  
 
Michalakis KX et al2 0  conducted a study to examine the liner 
change and the accompanying weight changes of one polyether and 
four polyvinyl siloxane interocclusal recording materials in 
comparison with a wax and zinc oxide eugenol paste. The samples 
were produced using Teflon molds with a standard reference line of 
40 mm. This reference line was produced in the sample and it  was 
measured by traveling micrometer microscope at an interval of 0, 1, 
 24, 48 and 72 hrs. An electronic scale was used to measure the 
weight changes of the sample at the above said interval. The authors 
concluded that 1) Polyether had good dimensional stability at all  
intervals 2) Addition silicone showed significant linear changes at 
1 s t  and 24 hrs 3) Linear change has no correlation with weight 
changes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
Materials and Methods 
 
  The present Invitro study was conducted to evaluate and 
Compare the Dimensional stability of three types of Interocclussal 
recording materials at various time intervals. 
 
Materials  
1.  PolyvinylSiloxane Bite Registration Material.  (Virtual,  
Ivoclar company, USA) (Fig .3) 
2.  Zinc Oxide Eugenol Bite Registration paste. (Superbite-
Bosworth company, USA) (Fig .1)  
3.  Bite Registration wax – Hard.(Alumax, Yeti Dental 
corporation, Germany)  (Fig .2) 
4.  Silicone Separating Medium. 
 
Instruments  
1.  Stainless Steel Die. (Fig .5) 
2.  Glass Plate. 
3.  Polyethylene sheet.  
4.  Stop Clock.  
5.  5ml Glass syringe. 
6.  Auto mixing dispensing gun. 
 
  
7.  Scalpel and Blade. 
8.  500 gm weighing stone.  
9.  Spatula and glass slab.  
10.  DigitalVernierCaliper. (Erskine Dental,  U.S.A)   
 
 Equipment  
1.  Optical Microscope with Micrometer.(Magnus, India) (Fig .7) 
2.  Thermostat controlled water bath unit.  (Fig .6) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 METHODOLOGY 
 
A. Fabrication of the Metal Master die  
  A stainless steel master die was fabricated similar to ADA 
specification no 19.2 1  The master die consists of a ruled block and a 
mold ring. (Fig 5) 
 
DIMENSION OF THE MASTER DIE 
RULED BLOCK (Fig.11 a) 
Height –31mm  
Width – 38mm  
 
   A 3mm height and 29.97±  0.01 mm diameter step has been 
made on one side of the die to which the metallic mold ring fits.   
The die consist of three parallel lines A, B, C which are spaced 
equally by 2.5 mm from each other.  
 
MOLD RING (Fig .11 c) 
Outer ring diameter          - 38mm  
Inner ring diameter   - 30mm  
Height     - 6mm 
 
B. Fabrication of the test specimens  
  The individual Materials were manipulated according to 
manufacturer’s instructions. All materials were conditioned at 
 ambient room temperature for at least 24 hrs prior to testing. 
Materials that were supplied in automixing cartridges were 
dispensed through the cartridges and the  Materials supplied in 
tubes namely the zinc oxide eugenol bite registration paste was 
dispensed by taking equal length of base and catalyst paste. The 
material was mixed with a spatula in a glass slab to a streak free 
consistency as per the manufacture’s instruction.  
 
  For the wax, the method was modified by submerging it  at a 
45°C water bath for 5 minutes using a 5 ml glass syringe syringe.  
 
  After homogenous mixing, the materials were carried to the 
die. The die was inverted on to a 4X4 inch square glass plate 
covered with polyethylene sheet. Hand pressure was applied for 5 
seconds to initially express the materials; this was followed by 
application of a 500gm weight to further eliminate excess materials.   
 
  The mold, the stainless steel die and the weight were 
submerged in a 36±  1°C water bath to simulate oral condition.  2 0  
  Each assembly remained in the bath for the manufacture’s 
suggested setting time plus an additional 3 minutes to ensure 
polymerization of material.  Upon removal from the water bath, the 
mold assembly was removed from the stainless steel die and all the 
excess material (Flash) was trimmed by using a Bard Parker knife.  
 
  
 The material was separated from the mold, the resulting specimens 
were in the form of a disk measuring 0.3cm in thickness and 3 cm in 
diameter with 3 parallel lines on the surface(Fig .8, 9, 10).Three 
lines were named as A, B and C.  
 
C. Grouping of the samples 
 
TABLE: 1 DISTRIBUTION OF SPECIMENS 
 
Group A Group B Group C 
Poly vinyl siloxane 
(n=10) 
Alumax 
(n=10) 
Zinc oxide eugenol bite 
registration paste 
(n=10) 
 
 
D. Measurement of the test samples   
  The distance between the parallel lines A and C was measured 
utilizing optical microscope with a provision of micrometer (Fig 7).  
The magnification used for the measurement was 10 X.  2 1  
 
  The distance between the two parallel reference lines A and C 
was measured at five fixed points. These reference points were 
scribed in the metallic die and were copied in the samples during its 
fabrication. 
    
  The mean of the five readings was used for calculation in 
each sample. Readings was recorded for all the ten samples of each 
group at an interval of 1 hr, 24hrs, 48hrs,  and 72 hrs.  
 
  The mean measurement of the distance AC in each sample was 
compared to the corresponding measurement of 5000.200 micron 
meter in the standard stainless steel die measured under the same 
optical microscope. 
  
 
E. Evaluation of Dimensional Change 
     The change in the Dimension is calculated by using the formula 
2 1  
 
                         Dimensional change % = (X-Y) x 100 
                                                                   X 
                                                              
Where X  is the standard measurement (µm) of AC in the Die.  
          Y is the observed measurement (µm) of AC in the sample.  
  
F. STASTICAL ANALYSIS            
   Statistical analysis was performed using analysis of variance 
(ANOVA) and then Tukey honestly significantly different (HSD) 
tests for comparisons among groups at the .05 level of significance. 
  
 
 
Fig 1: Zincoxide Eugenol Bite Registration Material 
 
 
 
 
Fig 2: Bite Registration Wax (Alumax) 
 
   
 
Fig 3:  Poly vinyl siloxane Bite registration material 
 
 
 
 
 
  
 
 
 
 
Fig 4: Armamentarium 
 
 
 
 
 
 
 
Fig 5: Stainless steel Die 
 
 
 
 
 
 
  
 
 
 
 
 
 
Fig 6: Thermostat controlled water bath 
 
 
 
 
 
                                  
Fig 7: Optical Microscope 
 
 
 
 
 
  
 
 
 
Fig 8:  Polyvinyl siloxane  samples 
 
 
 
 
Fig 9:  Alumax samples 
 
 
 
 
Fig 10:  Zinc oxide Eugenol samples 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                    
            a) Ruled Block              b) Cross Section of the Ruled 
Block 
 
 
 
 
 
 
 
 
 
 
 
 
                                        
                                                        
               c) Mold Ring  d) Cross Section of the Mold Ring 
 
 
 
 
 
 
Fig 11:  Schematic representation of the Die 
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30 Samples  
Group A (n=10)  
 (polyvinylsiloxane) 
Group C (n=10)   
(zincoxideeugenol) 
Dimensional change observed using optical 
microscope at 1, 24, 48, & 72 hrs 
Results 
 
Statistical Analysis 
 
Group  B  (n=10) 
(Alumax) 
  
Results 
 
  The following results were obtained from this study which 
evaluated and compared the Dimensional stability of three different  
types of Interocclusal recording materials. The materials were 
divided into three Groups as Group A (polyvinylsiloxane), Group B 
(Alumax) and Group C (Zinc oxide eugenol).  Each Group had 
10samples. Five readings were made per sample at each time 
interval of 1hr, 24hrs, 48hrs, and 72hrs, and the average obtained 
was taken for calculating the Percentage Dimensional change at 
various time intervals. 
 
   Statistical analysis was performed using analysis of variance 
(ANOVA) and then Tukey honestly significantly different (HSD) 
tests for comparisons among groups at the .05 level of significance .  
The Mean Percentage Dimensional changes for Group A, Group B 
and Group C at various time intervals are shown in the tables II      
to IV. 
 
 
 
 
  
 
Table-II:  Mean Percentage Dimensional change for GroupA 
(polyvinylsiloxane) at various time intervals 
 
 
S. No 1 hr 24 hr 48 hr 72 hr 
1 0.2608 0.4347 0.6956 0.7826 
2 0.3463 0.4347 0.6956 0.8695 
3 0.1739 0.5217 0.6956 0.7826 
4 0.3478 0.5217 0.6956 0.7826 
5 0.0869 0.5217 0.6956 0.8695 
6 0.0000 0.4347 0.5217 0.7826 
7 0.26086 0.5217 0.6086 0.7826 
8 0.2608 0.4347 0.6086 0.7826 
9 0.2608 0.6086 0.8695 0.8695 
10 0.2608 0.4347 0.6086 0.6086 
Mean  0.22589 0.48689 0.6695 0.79127 
S.D 0.109799 0.060809 0.092121 0.076143 
 
 
 
Results: 
  The mean Dimensional Change % for Group A at various time 
interval are 
 
· 1 hr -  0.22% (±0.10) 
· 24hr-  0.48 % (±0.06)  
· 48hrs -0.66% (±0.09) 
· 72hrs -0.79% (±0.07) 
 
 
 
 
  
 
Table-III:  Mean Percentage Dimensional change for Group B 
(Alumax) at various time intervals 
 
 
S. No 1 hr 24 hr 48 hr 72 hr 
1 0.5217 0.9565 1.2173 1.3913 
2 0.6086 0.7826 1.1304 1.3043 
3 0.4347 0.8695 1.2173 1.4782 
4 0.5217 0.9565 1.1304 1.3913 
5 0.6086 0.9565 1.3043 1.3913 
6 0.5217 0.8695 1.3043 1.4782 
7 0.6086 0.9565 1.2173 1.4782 
8 0.6956 1.0434 1.2173 1.6521 
9 0.6956 1.0434 1.3913 1.5652 
10 0.6086 0.9565 1.2173 1.4782 
Mean  0.58254 0.93909 1.23472 1.46083 
S.D 0.082491 0.079897 0.079918 0.098708 
 
 
Results: 
  The mean Dimensional Change % for Group B at various time 
interval are 
 
· 1 hr - 0.58% (±0.08) 
· 24hr - 0.93% (±0.08)  
· 48hrs - 1.23% (±0.08) 
· 72hrs - 1.46% (±0.09) 
 
 
 
 
 
  
 
Table-IV:  Mean percentage Dimensional change for Group C 
(zincoxide Eugenol) at various time intervals 
 
 
S. No 1 hr 24 hr 48 hr 72 hr 
 1 0.4293 0.6086 0.7826 1.1304 
2 0.3478 0.4347 0.5217 1.0434 
3 0.4347 0.6086 0.8695 1.1304 
4 0.4347 0.6086 0.6956 0.9565 
5 0.3478 0.5217 0.7826 0.9565 
6 0.5217 0.6956 0.7826 1.1304 
7 0.4347 0.6086 0.6956 1.0434 
8 0.4347 0.6956 0.7826 1.0434 
9 0.5217 0.6086 0.9565 1.0434 
10 0.5217 0.6956 0.8695 1.0434 
Mean  0.44288 0.60862 0.77388 1.07801 
S.D 0.064265 0.081989 0.119159 0.083999 
 
 
 
Results: 
  The mean Dimensional Change % for Group C at various time 
interval are 
 
·  1 hr -  0.44 % (±0.06)  
·  24hr -  0.60 % (±0.08)  
·  48hrs-0.77 % (±0.11)  
·  72hrs - 1.07  % (±0.08)  
 
 
 
 
  
 
Statistical Analysis 
 
Table-V: Mean, Standard deviation and test of significance of 
mean Percentage change between different types of Interocclussal 
recording materials at 1 hour  
 
Groups  Mean ±  SD Significant # sub 
Groups at 5% 
level 
P –Value* 
A 
Polyvinyl 
siloxane 
 
0.22589±0.109799 
B 
Alumax 
0.58254±0.082491 
C 
Zinc oxide 
eugenol 
  0.44288  
±0.06426 
  
AVs B 
 
AVs C 
 
         BVsC 
       
 
 
 
 
p<0.05 
 
 
 
* One – Way ANOVA was used to calculate the p – value.  
# Tukey – HSD procedure was employed to identify the significant 
groups at 5% level   
 
INFERENCE  
  Mean values of group A is significantly lower than the mean 
value in group B and group C (p<0.05) and Group C is significantly 
lower than the mean value in group B (p<0.05) 
 
 
 
 
  
 
 
Table-VI: Mean, Standard deviation and test of significance of 
mean Percentage change between different types of Interocclussal 
recording materials at 24 hour  
 
Groups  Mean ±  SD Significant # sub 
Groups at 5% 
level 
P –Value* 
A 
Polyvinyl 
siloxane 
 
0.48689±0.060809 
B 
Alumax 
 
0.93909±0.079897 
C 
Zinc oxide 
eugenol 
 
0.60862±0.081989 
 
AVs B 
 
         AVs C 
         
         BVsC 
 
 
 
       
      p<0.05 
 
 
 
* One – Way ANOVA was used to calculate the p – value.  
# Tukey – HSD procedure was employed to identify the significant 
groups at 5% level. 
 
INFERENCE  
  Mean values of group A is significantly lower than the mean 
value in group B and group C (p<0.05) and Group C is significantly 
lower than the mean value in group B (p<0.05) 
 
 
 
 
 
  
 
 
Table-VII:  Mean, Standard deviation and test of significance of 
mean Percentage change between different types of Interocclussal 
recording materials at 48 hour  
 
Groups  Mean ±  SD Significant # sub 
Groups at 5% 
level 
P –Value* 
A 
Polyvinyl 
siloxane 
 
0.6695±0.092121 
B 
Alumax 
 
1.23472±0.079918 
C 
Zinc oxide 
eugenol 
 
0.77388±0.119159 
 
 
AVs B 
 
 
         BVsC 
 
 
 
 
p<0.05 
 
 
 
* One – Way ANOVA was used to calculate the p – value.  
# Tukey – HSD procedure was employed to identify the significant 
groups at 5% level. 
 
INFERENCE  
  Mean values of group A is significantly lower than the mean 
value in group B (p<0.05) and group B is significantly lower than 
the mean value in group C (p<0.05). However, there is no 
significant difference in mean values between group A & C 
(p=0.063). 
 
 
 
 
 
  
 
 
Table-VIII: Mean, Standard deviation and test of significance of 
mean Percentage change between different types of Interocclussal 
recording materials at 72 hour 
 
Groups  Mean ±  SD Significant # sub 
Groups at 5% 
level 
P –Value* 
A 
Polyvinyl 
siloxane 
 
0.79127±0.076143 
B 
Alumax 
 
1.46083±0.098708 
C 
Zinc oxide 
eugenol 
 
1.07821±0.083999 
 
 A Vs B 
 
A Vs C 
         
         B Vs C 
 
 
 
 
p<0.05 
 
 
 
 
 
* One – Way ANOVA was used to calculate the p – value.  
# Tukey – HSD procedure was employed to identify the significant 
groups at 5% level. 
 
INFERENCE  
  Mean values of group A is significantly lower than the mean 
value in group B and group C (p<0.05) and Group C is significantly 
lower than the mean value in group B (p<0.05) 
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Fig12: Comparison of Dimensional change at various Time 
Intervals between Group A, B and C  
  
 
 
 
 
 
Fig 13:   Optical Microscopic view of polyvinylsiloxane sample    
 
 
 
Fig 14:   Optical Microscopic view of Alumax sample 
 
 
 
Fig 15:   Optical Microscope view of zinc oxide Eugenol sample  
 
 Discussion 
 
  One could not have put it  more aptly than Stuart when he 
said, “I suppose we fear centric relation as the superstitious fear a 
ghost because we do not understand it” .  
 
 When treading into the boundaries of the subject such as inter 
occlusal records, it  is natural for one to feel intimidated and scared 
for one does not know what to expect and what secrets it  holds in its 
womb; but none so dark and scary as the secrets of ignorance about 
the subject. 
 
 Thus as one prods along slowly unwilling to upturn many a 
stone for fear one comes across the trail left by people who had 
walked the same trail before. 
 
 Each one with his or her own belief and philosophies but all  
headed towards the same goal.  At times standing at cross roads one 
wonders about the path to take for in front lie numerous trails all 
claiming to reach the same goal, at such times the only comforting 
voice is that of Boucher who says, “ there are as many ways to solve 
problems of jaw relations and occlusion as there were dentists.” 
 One realizes that the more they differed regarding the 
procedure to be followed the more were they unified with regard to 
 i ts importance.  To quote Christensen who said, “…accurate inter 
occlusal record was of particular importance……. small errors in 
relating.  The working casts may cause frustrations with occlusal 
adjustment and this results in the alteration of the occlusal 
anatomy and even ruining an otherwise acceptable prosthesis”. 
 
 He was not alone for Kantor seconded him by saying, “The 
centric jaw relation was important as it  was used as a reference 
position for the restoration of occlusion”. 
 
 On delving deeper one realizes that the importance of the 
interocclusal records was never in doubt, however the steps of 
recording it  had always been a bone of contention for long.  At 
times one ends up wondering as to how such a well meaning group 
of individuals could paint such a disparate picture.  But then all of 
them could be forgiven for all  them had just one intention in mind, 
that to improve the quality of treatment we offered to our patients. 
 
 It  becomes clear that though presented with the best of 
intentions not all  the procedures had universal acceptability and it  
is only armed with this knowledge can one hope to exorcise the 
ghosts of interocclusal records that haunt us. 
 And as one reaches the logical end to the search one realizes 
that a journey of a thousand miles had began with a single step; but 
 then again this had been just the beginning of the journey that lay 
ahead. 
 
 Articulators simulate the patients maxillomandibular relation 
and movements, thus enabling the dentist and technician to study 
the dentition in function and to construct the restoration5 .   
 
 There are 3 main primary factors that warrant the use of a 
correct and dimensionally stable inter occlusal registrations so that 
the maxillary and mandibular relation might be recreated on the 
articulator for the fabrication of a prosthesis. 
 
 These 3 factors are like the corners of a triangle, separate yet 
unmistakably linked with each other, and they have to be viewed 
and considered together in totality and not separately.  
 
 
 
 
 
 
 
ANATOMIC HARMONY 
 For the proper functioning of any system it is required that all  
i ts respective components are in their respective places.  The 
ANATOMIC HARMONY 
FUNCTIONAL HARMONY OCCLUSAL STABILITY 
 masticatory system too is not an exception, and if any part of it  does 
become malaligned, the entire system must adapt to compensate it .  
Such adaptations to malalignment create stress and accelerate wear.  
Anatomic harmony is permissive harmony.  It  is the starting point 
from which function occurs.  An existence of a peaceful 
neuromuscular system is determined by the presence of a balanced 
static relationship. 
 
 This is mandatory because the muscles control all  the 
functions and they must have a static resting relationship from 
which functional activity can begin and to which it  can return once 
the functional demands are completed.  
 
 Any thing that interferes with static harmony of any part 
alters normal muscle function into an unbalanced relationship of 
constant demand.  Muscles have an optimum length at rest,  and an 
optimum length of contraction, and correct anatomic harmony 
depends on allowing the muscle to function to its normal limits 
without interferences. 
 
 The most common shortcoming in analyzing or treating 
occlusal relationships is the failure to consider all parts of the 
masticatory system as one entity.  It  is a mistake if we limit the 
understanding of the occlusion to occlusal contacts alone.  The fact 
that the dentition is merely a part of the total system should not be 
forgotten.  If the anatomic harmony of all parts of the system can be 
 achieved, we can be assured of the best esthetics as well as the 
comfort of a peaceful neuromuscular system.  
 
FUNCTIONAL HARMONY 
 The TMJ performs a variety of movements and, each part of 
the masticatory apparatus has several different functions. To 
perform a variety of functions, it  is obvious that the lips, tongue, 
cheeks, bone, joints, and muscles must have a highly organized 
relationship to each other and to the teeth, which must fit  into the 
system without disturbing any of the other functional demands, or 
vice versa. 
 
 The importance of understanding the functional 
interrelationships of the masticatory system cannot be over stressed. 
It  is impossible to adequately evaluate cause and affect influences 
in the dentition or the joints without knowledge of functional  
interdependencies.   
 
 An acceptable analysis of occlusal disharmony cannot be 
made from examination of unmounted diagnostic casts.  For an 
examination to be considered complete, all  functional relationships 
must be evaluated to determine how the dentition relates to all the 
other structures that influence anatomic or functional harmony.  
This requires a facebow orientation of the casts to the condylar axis. 
 
  The goal of functional harmony is a peaceful neuromuscular 
system.  The masticatory system is capable of high capacity 
demands.  The system must be free to function to its anatomic limit 
without mechanical interference but must not be restricted to 
function solely at that limit.   It  must function to the limit when 
needed.  It  must be at peace when functional demands are reduced.  
 
OCCLUSAL STABILITY 
 The essence of both anatomic and functional harmony is 
balance. The teeth are the most adaptable movable part of the 
masticatory system. The forces exerted against them rather easily 
alter their position, either vertically or horizontally.  For any tooth 
position to be stable it  must be in balanced harmony with all forces, 
both vertical and horizontal,  and so it  is just as important to have 
knowledge of the forces that exert pressures against the teeth, as i t  
is to understand classic occlusal relationships.  
Many materials and techniques have been used for Maxillo 
mandibular registration procedures since the first Interoclussl 
registration made in 1756 by Philip Pfaff.    
 
 
The ideal properties an Interocclusal material should have are2 4  
Ø  Limited initial resistance to closure. (To avoid displacement 
of mandible during record making); 
 Ø  Dimensional stability after setting;  
Ø  Resistance to compression after polymerization; 
Ø  Ease of manipulation; 
Ø  Absence of adverse effects on the tissues;  
Ø  Accurate recording of the incisal or occlusal surface of the 
teeth; 
Ø  Ease of verification.  
 
  Bite registration Wax and zinc oxide eugenol paste have 
traditionally been used for maxillomandibular registration purposes.  
But with the introduction of polyether and polyvinylsiloxane inter 
occlusal recording material has made the clinician unsure which 
material they should use.  
 
          These Interocclusal recording materials are chemically 
similar to the parent impression material  but modifications have 
been made by adding plasticizers like petrolatum and fillers to 
provide better handling properties.  Catalysts have also been added 
in order to accelerate their polymerization reaction5 ,  2 0 ,  2 2  
 
  The bite registration wax consists of beeswax or paraffin or 
ceresin and oils.  Some products may contain Aluminum or Copper 
particles to enhance stability. 2 2  
  However, it  remains unknown whether these modification in 
the parent impression materials have altered their excellent 
accuracy and dimensional stability properties.5 ,  2 0  Delayed 
 articulation of a patient casts can occur for various reasons like 
transport to the lab from a distant place. 
 
 Therefore, the dimensional stability of interocclusal recording 
materials over time is of utmost importance. 
 
 So, a study was designed to evaluate and compare the 
dimensional stability of three types of interocclusal recording 
medium namely polyvinylsiloxane, (virtual, Ivoclar), Bite 
registration wax (Alumax) and zinc oxide eugenol paste (Superbite) 
at a time interval of 1 hr, 24 hr, 48 and 72 hrs. 
 
 The above mentioned time interval were considered as time 
taken to carry it  to distant laboratories or a delay in the articulation 
of the cast in the laboratory.  
 
 Only the linear dimensional change of the interocclusal 
recording materials over time was measured in this study. These 
measurements provide an indication regarding the dimensional 
stability.  However dimensional stability can also be studied in all 
the three planes using equipments like condymeter1 1 ,  computerized 
Axiotron1 5  and Buhnergraph.8    
  10 samples for each material were made using a die similar to 
ADA specification No.19. The die and the interocclusal record 
 material assembly were placed in to the water bath of 36 ±10C to 
stimulate the oral temperature 2 0 .   
 
 Specimens having 0.3 mm thickness was considered for 
measurement because the accuracy may vary with time intervals and 
at different thickness. So for this purpose, a digital Vernier caliper 
was used. Five reading were made between the two parallel lines AC 
Using an optical microscope with micrometer provision. 
 
         The present study measures only the linear changes. So an 
optical microscope with micrometer provision was chosen for the 
measurement as per the testing methodology for ADA specification 
No.19.  
 
  The results were obtained and Statistical analysis was 
performed using analysis of variance (ANOVA) and then Tukey 
honestly significantly different (HSD) tests for comparisons among 
groups at the .05 level of significance.  
   
 Group A (polyvinylsiloxane) presented the smallest linear 
changes of all the material tested, at all  time intervals followed by 
group C (Zinc oxide eugenol) and group B (Alumax) respectively.  
 
 The group A (polyvinylsiloxane) showed a percentage 
dimensional change of 0.48% at 24hrs and it was within the ADA 
specification no.19 suggested value of 0.5% at 24 hrs.2 1  
  
  The result of this study was in accordance with those of       
Lassila V1 0  and Michalakis KX et al2 0 .  
 
 
      Several factors contribute to the dimensional change. The major 
factor being the loss of volatiles as time passes. Several studies 
were conducted to find the reason for linear change by correlating 
with weight loss induced by the volatiles.  The study by Myerson 
RL3  concluded that there is existence of correlation between the two 
factors. However, the studies by MillsteinPL1 7and Michalakis etal2 0  
showed that there is no correlation between weight changes to the 
linear change.  
 
  Wax showed the greatest linear changes of all the material 
tested in this study. This was attributed to the greater coefficient of 
thermal expansion 2 0 ,  2 2  and distortion due to the stress release .2 ,  7 ,  
2 2  
 
              The zinc oxide eugenol undergoes setting by chelation 
reaction.2 2 , 2 3  The by products of this reaction may undergo 
evaporation and this may contribute to their dimensional change. 
5 , 2 0   However, the eugenol free zinc oxide paste showed less 
dimensional change when compared to that of the one with the 
eugenol in the study by    Balthazar - Hart Y et al  5 .  
 
   In case of the polyvinyl siloxane, the excellent dimensional 
stability was attributed to the fact that it  set by addition reaction. 
Hence there is no by products and loss of volatiles.  2 2 ,  2 3  
 
         Indirectly made prostheses, crowns and fixed partial  dentures 
should be placed in the mouth without occlusal adjustments; to 
achieve this goal, an accurate interocclusal recording material 
which is dimensionally stable is necessary.  
 
  Several studies have showed that three dimensional changes 
are induced in an articulator by these materials as time passes.2 , 7 , 1 1  
 
           Few authors have suggested ideal time for articulation of 
cast with respect to the type of interocclusal records used. The 
study by MullerJ et al 1 1  has showed that the Polyvinylsiloxane 
interocclusal records must be articulated with in 24 hrs and the 
zincoxide eugenol and wax should be articulated with in 1hr to get 
an accurate restoration. The result of this present study is also in 
accordance with the above mentioned study.  
 
  Thus it becomes mandatory to choose a material not only 
depending on the clinical situation but also based on the time taken 
for the articulation. 
 
  The possible limitation of this study is that it  takes only the 
linear measurement as parameter for determining the dimensional 
 stability, but in routine clinical situation the dimensional errors 
occur in all  the three dimensions. 
The clinical implications of this study are as follow: 
Ø  Dimensional stability is influenced by both “material” factor 
and “time” factor.  
Ø  The clinicians must be aware that errors in articulation will 
be induced by these interocclusal recording materials as time 
elapses.  
Ø  Selection of an Interocclusal recording materials with these 
facts in mind will yield a very good result.  
 
Further studies can be made to evaluate and compare other 
properties of these materials like compressive resistance, 
consistency and weight loss.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 Summary and Conclusion 
 
 
  The present Invitro study was conducted to evaluate and to 
compare the Dimensional Stability of three types of Interocclusal 
recording materials at various time intervals. 
 
   The materials used in the study were polyvinylsiloxane,          
zinc oxide eugenol paste and Bite registration wax. The test was 
carried using a mold similar to that  of ADA specification No. 19. A 
total of 30 samples were made and each group consists of 10 
samples. The samples were measured using an optical microscope 
with micrometer provision. The measurements were made at a time 
interval of 1hr, 24 hr, 48 hr, and 72 hrs.  
 
The results were obtained and subjected to statistical analysis. From 
the analysis the following conclusions were drawn:  
Ø  Dimensional stability is influenced by both “material” factor 
and “time” factor. 
Ø  Dimensional stability decreased as the time factor increased.  
Ø  Polyvinylsiloxane (virtual) was more dimensionally stable 
followed by zinc oxide eugenol (superbite) and Bite 
registration wax (Alumax) respectively.  
Ø  Polyvinylsiloxane and zinc oxide eugenol paste at 48 hrs 
interval showed no significant difference to each other.  
 
 Ø  The Ideal time for articulation based on the type of 
interocclusal record used is less than 24hr for 
polyvinylsiloxane and 1hr for zinc oxide eugenol and wax 
records respectively.  
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Appendix 
 
MEASUREMENT VALUE OBSERVED FOR 
POLYVINYLSILOXANE AT VARIOUS TIME INTERVALS IN µm 
 
 
S. No 1 hr 24 hr 48 hr 72 hr 
1 4987.156 4978.460 4965.416 4961.068 
2 4982.808 4978.460 4965.416 4956.720 
3 4991.504 4974.112 4965.416 4961.068 
4 4982.808 4974.112 4965.416 4961.068 
5 4995.852 4974.112 4965.416 4956.720 
6 5000.200 4978.460 4974.112 4961.068 
7 4987.156 4974.112 4969.764 4961.068 
8 4987.156 4978.460 4969.764 4961.068 
9 4987.156 4969.764 4956.720 4956.720 
10 4987.156 4978.460 4969.764 4969.764 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
MEASUREMENT VALUE OBSERVED FOR ZINCOXIDE 
EUGENOL AT VARIOUS TIME INTERVALS IN µm 
 
S. No 1 hr 24 hr 48 hr 72 hr 
1 4978.460 4969.764 4961.068 4943.676 
2 4982.808 4978.460 4974.112 4948.024 
3 4978.460 4969.764 4956.720 4943.676 
4 4978.460 4969.764 4965.416 4952.372 
5 4982.802 4974.112 4961.068 4952.372 
6 4974.112 4965.416 4961.068 4943.76 
7 4978.460 4969.764 4965.416 4948.024 
8 4978.460 4965.416 4961.068 4948.024 
9 4974.112 4969.764 4952.372 4943.676 
10 4974.112 4965.416 4956.720 4939.328 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
MEASUREMENT VALUE OBSERVED FOR ALUMAX AT 
VARIOUS TIME INTERVALS IN µm 
 
 
S. No 1 hr 24 hr 48 hr 72 hr 
1 4974.112 4952.372 4639.328 4930.632 
2 4969.764 4961.068 4943.676 4934.980 
3 4978.460 4956.720 4939.328 4926.284 
4 4974.112 4952.372 4943.676 4930.632 
5 4969.764 4952.372 4934.980 4930.632 
6 4974.112 4956.720 4939.328 4926.284 
7 4969.764 4956.372 4939.328 4926.284 
8 4965.416 4948.024 4934.980 4917.588 
9 4965.416 4948.024 4930.632 4921.936 
10 4969.764 4952.372 4939.328 4926.284 
 
 
 
 
 
 
 
 
 
 
